Keywords: acoustic masking animal communication bat echolocation free-tailed bat noise Tadarida brasiliensis vocalization Bats are highly social and spend much of their lives echolocating in the presence of other bats. To reduce the effects of acoustic interferences from other bats' echolocation calls, we hypothesized that bats might shift the timing of their pulse emissions to minimize temporal overlap with another bat's echolocation pulses. To test this hypothesis, we investigated whether free-tailed bats, Tadarida brasiliensis, echolocating in the laboratory would shift the timing of their own pulse emissions in response to regularly repeating artificial acoustic stimuli. Each bat tested showed a robust phase-locked temporal pattern in pulse emissions that included an initial suppressive phase lasting more than 60 ms after stimulus onset, during which the probability of emitting pulses was reduced by more than 50%, followed by a compensatory rebound phase, the timing and amplitude of which were dependent on the temporal pattern of the stimulus. The responses were nonadapting and were largely insensitive to broad changes in the acoustic properties of the stimulus. Randomly occurring noise bursts also suppressed calling for up to 60 ms, but the time course of the compensatory rebound phase was more rapid than when the bats were responding to regularly repeating patterns of noise bursts. These findings provide the first quantitative description of how external stimuli may cause echolocating bats to alter the timing of subsequent pulse emissions.
Bats are highly social and spend much of their lives echolocating in the presence of other bats. To reduce the effects of acoustic interferences from other bats' echolocation calls, we hypothesized that bats might shift the timing of their pulse emissions to minimize temporal overlap with another bat's echolocation pulses. To test this hypothesis, we investigated whether free-tailed bats, Tadarida brasiliensis, echolocating in the laboratory would shift the timing of their own pulse emissions in response to regularly repeating artificial acoustic stimuli. Each bat tested showed a robust phase-locked temporal pattern in pulse emissions that included an initial suppressive phase lasting more than 60 ms after stimulus onset, during which the probability of emitting pulses was reduced by more than 50%, followed by a compensatory rebound phase, the timing and amplitude of which were dependent on the temporal pattern of the stimulus. The responses were nonadapting and were largely insensitive to broad changes in the acoustic properties of the stimulus. Randomly occurring noise bursts also suppressed calling for up to 60 ms, but the time course of the compensatory rebound phase was more rapid than when the bats were responding to regularly repeating patterns of noise bursts. These findings provide the first quantitative description of how external stimuli may cause echolocating bats to alter the timing of subsequent pulse emissions.
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Bats are highly social and spend much of their lives echolocating in the presence of other bats, but echolocation is susceptible to the degrading influences of acoustic interference, especially from conspecific vocalizations (Arlettaz et al. 2001; Jones 2008) . Bats are known to make subtle shifts in the acoustic structure of their echolocation pulses (Obrist 1995; Gillam et al. 2007; Bates et al. 2008 ) to help distinguish their own echoes from those of other bats, but it is unknown whether bats also possess mechanisms for coordinating the timing of their pulse emissions with their neighbours to minimize acoustic overlap. Many species of bats live in large, dense colonies and may even forage together at prime hunting grounds. Free-tailed bats, Tadarida brasiliensis, partially mitigate the confounding effects of acoustic interference from other bats by either calling louder (Simmons et al. 1978; Tressler & Smotherman 2009 ), or changing the spectral parameters of their echolocation pulses in a behaviour known as the 'jamming avoidance response ' (Ulanovsky et al. 2004; Gillam et al. 2007; Tressler & Smotherman 2009 ), but these adaptations may be energetically costly, are constrained by laryngeal mechanics, and may require the bats to alter pulse characteristics away from the optimal acoustic values for foraging and navigation. Temporal strategies for echolocating in concert with other bats would have the benefit of allowing bats to continue to use optimized pulse acoustics without necessarily increasing energy expenditure. The benefits of any such pulse-timing mechanisms would probably be minimal in the presence of large numbers of echolocating bats, but that would also be true of the jamming avoidance response. However, the use of temporal shifts in pulse timing performed in addition to the free-tailed bat's jamming avoidance response might offer more comprehensive and flexible solutions to the problem of echolocating within the context of small groups of bats.
Here we present the results of a study in which we characterized how bats coordinated the timing of their echolocation pulses with different types and temporal patterns of artificial acoustic stimuli. First, we tested the hypothesis that free-tailed bats would shift the timing of their echolocation pulse emissions to minimize overlap with a regularly repeating artificial stimulus, and furthermore that the behaviour would vary depending on the temporal dynamics of
